Introduction
Measles remains a significant cause of childhood morbidity and mortality. Hallmark of the disease is a generalized immune suppression that can last for several weeks to months after resolution of measles virus (MV) infection [1-3], resulting in increased susceptibility to opportunistic infections [4] [5] [6] [7] . At the same time, measles is associated with immune activation and induces strong MV-specific immune responses that confer lifelong immunity [8] . This contradiction is known as the ''measles paradox'. Although measles-associated immune suppression has been a subject of study since the beginning of the 20th century [9] , the importance of possible underlying mechanisms remains disputed.
The Immune System as ''Viral Friend''
From the perspective of MV, cells of the immune system are both friend and foe. MV efficiently replicates in cells of the immune system, especially during the initial stages of the infection [10, 11] . However, the virus preferentially infects specific subsets of lymphocytes and dendritic cells (DCs). The relative susceptibility of these cells to MV infection is governed by their expression level of the cellular receptor CD150 [11] [12] [13] [14] . Memory T-lymphocytes, which express CD150, are preferentially infected [13, 14] . In secondary and tertiary lymphoid tissues, the virus also replicates to high levels in follicular and marginal zone B-lymphocytes [10, 11, 13] . DCs can also be infected by MV [11, [15] [16] [17] 
Measles Damages the Respiratory Epithelium
Whereas MV targets CD150 to infect lymphoid and myeloid cells, the virus uses poliovirus receptor like 4 (also known as nectin-4) as an alternative cellular receptor to infect epithelial cells [29] [30] [31] . Whilst infection of epithelial cells contributes to viral transmission [32] , MV also causes extensive epithelial damage in the respiratory tract [33, 34] . This epithelial injury may provide an opportunity for respiratory bacteria to adhere, replicate, and invade with increased efficiency [35] . [36] [37] [38] [39] [40] . This variation is also reflected in a wide range of levels of lymphopenia, viremia, and specific immune responses (Fig. 1A-C) [13]. Natural MV infection of the naive host will normally follow the pattern of either a mild or moderate infection as displayed in Fig. 1 . Whereas mild measles results in limited depletion of pre-existing CD150 + memory lymphocytes, moderate measles is associated with infection and subsequent depletion of a large fraction of those lymphocytes (Fig. 1D ). Whether this depletion is mediated by necrosis, apoptosis, pyroptosis, or cytotoxic T-cells remains to be determined, but the effect is always the same: to a varying degree, measles erases immunological memory.
Future Directions: Studies in Naturally Infected Measles Patients
To improve our understanding of measles immune suppression, a transition from in vitro to in vivo studies is required. Two aspects are of crucial importance: viral tropism and depletion of immune cell subsets. We feel that it is important to characterize the phenotype of MV-infected cells during the prodromal phase of natural measles, with special emphasis on infection of DCs and memory lymphocytes. Furthermore, to address depletion of immune cell subsets, paired blood samples from children before and after measles will be required. Staining of immune cells specific for previously encountered pathogens, rather than functional assays, will allow us to distinguish between subset depletion and functional paralysis.
Conclusions
Experimental MV infections in animal models have demonstrated that percentages of infected lymphocyte subsets are higher than previously thought, especially in secondary and tertiary lymphoid tissues [11, 13] . We believe that measles immune suppression mainly results from depletion of immune cell subsets, which is masked by the rapid proliferation of MV-specific and bystander lymphocytes (Fig. 1D) . This model is fully compatible with the measles paradox. Clinical studies are required to test our hypothesis that measles immune suppression is mainly a numbers game. 
